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(57) Abstract 

The invention pertains to the technology used to create two- or three -dimensional images inside a polymer material 
using penetrating electromagnetic radiation and can be used for marking and for producing decorative articles and 
souvenirs. In order to create an image inside an article or part thereof made from a polymer material, the material ia exposed 
to the action of focused penetrating electromagnetic radiation and an image ia formed from those regions in which the 
absorption of the electromagnetic radiation differs from that of the surrounding material. As a result of this, the radiation, 
whose intensity is below the threshold value which would cause local lonisation in the material, triggers chemical reactions 
at the focusing points which convert the polymer material to a composition different from the starting material. Specifically, 
laser radiation is used as the penetrating radiation, and carboniHing polymer? are used as the polymer material. By these 
means, it is possible to produce both black and half-tone im ages in the articles 
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M iOOpCTCMHC OTHOCMTCfl K TCVHO/lOrHH COjaaHH* mOCKHX H 
TpCXMCl'Hbl.X M30DpaXCHMH BHNTpH nO.THMCpHOrO MQTCpMXia C nOMOlUbK) 

npoHMK jMjiuero 3^ocTpoMarHHTHoro MinyMeHH* n mo*ct 6trn» 

MCnO.lbJOBaHO Xlfl UCJ1CH MapKHpOBKM M H3rOTOELnCHHfl ZICKOpaTMBHblX 
Haac.lHil M CyBCHMpOB. 

J/m ccmamtR njoopaxeHHH bh>tph M3.ae.ina min cro hqcth, 

BbinOJIHCHMX H3 nO/lMMCpHOTO MaTCpiia/ia, Ha MaTcpMOn B03ilCMCTBy>OT 
c4>OKyCiipCBaHHblM npOHHKaWUiHM 3-TCKTpOMaPHMTHbIM HXiyMCHHCM M 

coaaaK) U3o6paxcHMC in o6;iacTeft, b Koropbix nomomcHMc 

3-lCKTpLMarHHTHOrO UXiyHeHRS OTJMHaCTCfl ot nor^oiucHHi? 

oKpyxa^wero MaTcpnana, b pejy.nbTaTe Toro, mto ncno^b3ycMoc 

MinVMCHHC, HHTeHCM BHOCTb KOTOpOPO MCHbUIC HOporOBOrO 3HaMCHHfl, 

Bbi3biBa»oinero .iOKanbH>>o nomnaunK) MaTtpnaJia, Bbi3biBaer b 

nOJIMMCpHUM MaiepHaJie B T0MK3X <})OKyCMpOBaHHfl XHMHMCCKHC peaKliHM, 

Koropbu- npcBpamahDT no/iMMcpHbm MaTepnaJi b kom no3HUHKD OT/iH4Hy>o 
no cbocmv cocTaBy ot hcxohhopo MaTepMana. B hdcthocth. b KanecTBc 
npOHHk.ifOuiero uxiyHemta ncno;ib3yK)T n3Jiy4CHHe na3cpa, a b KanecrBc 
no/iMMcpHoro MaTepna-ia - Kap6oHM3ywuiMccH nojiMMepw. TaicHM 
oGpaaov. b hizzahh coaaaKrr kclk ncpHbie TaK h nonyroHOBbic 

H306pa>.CHH_H. 
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cpOPMHPOBAHME H30EPA)KEHMfl BHVTPM 
no.THMEPHoro MATEPHAJ1A. 

OB-TACTb TEXHMKH 

MjOOpCTCHMC OTHOCHTCH K 4>OpMHpOBaHMK) M3o6pOJKCHMM BH>TpM 

5 Hancm^, no xpanHCH Mcpc wacrb KOToporo Bbino/iHeHa H3 nojiHMepHoro 

MaTtpMXia. B MaCTHOCTM. K 4)OpMHpOBaHHK) TpCXMCpHbDC HJIM IUI0CKKX 

M3o6paj+ceHMn BHVTpM yxa3aHHbL\ m 3JC/1MM c noMouibio npoHHicaioiucro 

M3JlVMCHHfl. Hao6pCTCHMC MO)KCT 6bJTb MCHOH b303aHO IUW UCJ1CM 
MapKJl pOBKM M M3rOTOBJlCHH5l ACKOpaTHBHbDC H^MHH H CyBCHHpOB. 

10 nPEHLUECTBYlOLUHM YPOBEHb TEXHHKH. 

MaptciipoBKy HXicsim wjih »3roToancHMc aenopaTHBHoro houcjikh 
noanac x;c;iaTCJibHO ocyiuccTajurrb, <i>opMMpyfl M3o6paxcHMc, hc Ha 
noBcpxHocTM mntnm, a BHyrpn luncuM ( T.e. nojx noBcpxHocTbK) 

HMCJlilH) B CBH3M C TCM, WTO M3o6pa)KCHMC BHyTpH H3flCJlHfl Tpy^HCC 
15 MCriOpTMTb VU1H pa3pyiUHTb. 

H3BccTeH InaT.CLLIA 4822973) cnoco6 co3aaHHfl MapKHpOBKM 
BHyrpn npojpaMHOM ajifl BnavtMoro cBCTa no/in MepHon KOMno3MUHH, 
cocTOniuePi M3 £Byx ciocB TcpMomacTa, paajiMHaiomHXCfl no CBOMM 
onTHM-cKMM xapaKTcpMCTHKaM , npvt MCM MapKJipOBKy OCyUlCCTE7lilK)T 
20 Jia3cp;-ibiM .1 yn o m . Jlyn npoxonHT Mcpc3 BepxHMH cjioh MaTcpHa/ia, 

KOTOpblH HMCCT HM3KMH K034)<t)HUHeHCT nonOUICHKH OTHOCHTCJlbHO 
B03ae*!CTB>-K)LUerO M3JiyMeHMil , M BbI3bIBaCT B pC3\^bTaTC Kap60HH3aUMH 

noTCM He hmc cooTBCTCTBviouiHx o6,iacTCH Ha noBepxHocTH MaTcpHa^a 

HHXJi-TO C/lOfl, K034>4)HUHCHT HOnOLUCHUfl KOTOpOTO npCBblUiaCT 20CM _I . 
25 yKa3^HHblfl CnOCOD OrpaHMHCH TpeOOBaHMeM C03aaHVW COOTBeTCTByiOllXCM 
KOMRJ3HUHH, M KpOMC TOTO XeCTKHMM Tpc6oBaHVWMM K MaTCpwaiiaM, M3 
KOTOpbLX BbinO-TTHCHa KOMn03HURfl, TO CCTb CHOCo6 HejIb3H npMMCHMTb 
HCnOCpcaCTBCHHO aJlH C03aaHHfl HOanOBCpXHOCTHOM MapKHpOBKH BHyTpM 

MaTtpnaJia nepBoro, hjih BToporo cjioh. 

3Q Floa aCHCTBMCM -ia3CpHOrO H3JiyWeHHfl OCyUlCCTBJlfllOT 

noan^acpxHocTH^To MapKMpoBxry MaTcpwajia c orpaHHHCHHhiM 
npon .ckqhhcm CBCTa, Koraa b KawccTBe Taxoro MaTcpnana npMMeHfliOT 
no.uiMcp, conepxaiimfi cncuHajibnyjo ao6aBK> - aMCVJibcfrna MOJiH6zieHa 
InaT.CLLIA 5075195). CorviacHO 3tomv cnoco6y Mcno,Tb3yK)T Jia3cpHOC 
35 hi^-chik, napaMCTpw KOToporo He BbnbiBaxn JioxanbHOH HOHM3auMM, 
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HO O CCrtCHHBaK)T nO.lVMCHMC MCpHOM MCTK31 Ha CCpOM 4>OHC B pC3yJlbTaTC 

h3mc HCHUfl pctppaicuMOHHbix onTHMccKHX cbohctb TaKoro MaTcpnaJia. 
npiiscM BBoaHMbie HacTHUbi aMcynbcfevua Mo^MoacHa ao.iXHbi MMCTb 
onpc je/ieHHbie pa3Mcpbi. CcfcopMMpoBaHHaa MCTKa hctko Ha6jnoAaeTC5i 
5 TOJibxo noa onpcucJicHHMM ymoM ocBewcHna, mto orpaHMMMBarr 

BO3V.0*CHOCTH MCno:ib30BaHHfl TaKOH Map>CHpOBK31 

M3Bcctch jnaT.ClllA 5206496] cnocoo nonnoBcpxHOCTHOH 
MapKnpoBKH wxicnnn* Bbino/iHeHHoro M3 MaTcpnaJia, KOTopwH 
npcpaneH avw ziaacpHoro unyMCHWfl, nyrcM cojaaHMfl mctkh b Baac 
10 oo/k.cth noBbiuieHHoro nonomcHHfl 3/icKTpoMarH hthoto nany^cHMfl aa 

CMCT -lOKa-lbHOM MOHH3aUMM MaTCpHaJia. .Ta3epHOC H3JiyMCHMC 

ocyuiecTaTRCT MHorot^aKTopHoe bo3hcmctbhc Ha MaTcpMCUi b pe3yjibTaTe 
Merc jioKxibHaa HOHnaauna MaTcpMajia b tomkc (fcoKycwpoBKH 
con; 0B0*caacTCfl pc3KiiM JioKanbHbiM HarpcBOM b cfcoKXibHOH o6JiacTH 
15 6e3 .voiiecTBeHHoro pa3orpeBa oKpyxajomero viaTepnaiia. 3to npnBOiiMT 

K lORBjieHMK) MCXaHMMCCKHX ManpHXCHMH BHyTpH o6l>CMa M 
B03I I HKHOBC HHK) iie^eKTOB CTpVKTYpbl (BnJIOTb HO nOHBJIGHHfl BMilMMblX 

TpciuHH). mto HapyuiacT uciocTHOCTb MaTcpnxria m yxynuiacT 

3KCl^iyaTaUHOHHUC XapaKTCpHCTHKM. Flo 3TOM npMMHHC 

20 Heu:.iecoo6pa3HO ncno^b30BaHne jioicnbHOM HOHM3auMM zuw 
Map .LHpoBKH MaTcpwana, hcxoaho o6/iajiaK)LUcro hcbucokmmm 

npO-iHOCTHWMM nOKaaaTCJUMH. Jp>TMM OrpaHMHCHHCM npMMCHMMOCTM 

cno.o6a hbjlhctch Tpc6oaaHHe npo3pa4HOCTM MaTepnajia. 

PACKPblTHE H30EPETEHHfl. 
25 B ochobv H3o6pcTCHM5i no/ioxeHa 3aiiaMa no/iyMeHHfl mctkoto, 

ncno cHHTbiBacMoro H3o6paxeHH* KaK BHyrpw npoapaMHoro 
no;i lMepHoro MaTcpwavia, TaK u BHyrpH MaTCpHaJia c orpaHMMCHHbiM 
npc lycKaHHCM oTHOCHTcnbHo 3.ieKTpoMarHMTHoro nanyMeHHfl. 

C>TUHOCTb pCUieHH^ 3T0M 3aja4H 3aiCllOMaCTCH B TOM, HTO JW\ 
30 4)OpMMpOBaHM5! M3o6paxeHW* BHVTpM H3He:iH* \V\H cro MaCTH, 
Bbir.O-THCHHblX H3 HOJlMMCpHOro MaTCpHaJia, H3 MQTCpMajl B03ACMCTByiOT 

c4), KcycnpoBaHHbiM 3ncKTpoMarHMTHbiM mxivmchmcm m coaaaioT 
n3Ljpa)KCHvw »*.3 o6nacTCM, b KoTopux noiTiouieHMC 3JlCKTpOMarHHTHOrO 
hx..schh« oT;hHacTC9 ot nornowcHua oKpyxaiowero MaTcpHana, npn 

35 MCS B03aCHCTB>TOT npOHUK3K)WHV1 HXTVMCHMCM » HHTt HCHBHOCTb 

KOfjporo MCHbluc noporoBoro 3H3hchhh, Bbi3biBaiouicro JioKajibHyw 

MOhiiaaUMK) MaTCpHXia. H Bb(3blBaK)T B HOJlHMCpHOM MaTCpMaJlC B TOMKaX 
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<t)OK\c,ipoBaHHfl xhmmmcckhc pcaiaiMH. KOTopbic npcBpamaxrr 

nOJlMMCpHUM M3TCPHOJ1 B KOMn03HUHW OTnM4H>TO no CBOCMy cocTaBy OT 

Hcxoanoro MaTcpna/ia. 

B HCKOTopbix BapnaHTax ocyuiecTaneHHH M3o6pcTCHm? ynoMHHynm 

5 BblLUe KOMn03HU»H ( " MaTCpMaJl , (}jOpMMpVK>LUMM M306pa*CCHMC " ) B 
B MUM MOM CBCTC oSjiaiiaCT UBCTOM, OT/lHHafOLUMMCfl OT UBCTU 

OKpyxajoiucro noiWMcpHoro MaTtpnajia, h TaKHM o6pa30M coaaacr 

M306p^+CCHMC. 

B apynix BapnaHTax ocymecTBJicHKH H3o6pcTCHKR MaTcpnan, 
10 4)opMkpyK)iHMH M3o6pa>;cHMc, noiMowarr HeBaaMMOc HCBOopyxcHHbiM 
rjiaaost M3JiyHCHne ot.immho ot nomowcHUH nojniMepHbiM MaTcpManoM, 

4>opM.ipy« TCM CaMbIM l^OOpaXCHHC, paJJIHMaCMOC B HCBHUMMOM 
H3JiyM l HMM H HCpajJlMHHMOC B BHUHMOM CBCTC. 

B crrne/ibHbix BapnaHTax ocyiuecTarieHHfl H3o6peTeHHfl 
15 npoHKKawuiee h3jivmchhc npcucraBJiHCT co6ok> M3JryHCHHc jia3cpa. 

B HCKOTOpblX BapHaHTaX OCyiHeCTBJKHUH W306pCTCHH5? 

npoHiiKaKDiuec HxnyneHMc npencraBJUicT co6ofi HCKorcpeHTHOC 

MXny^JHHC B BHilMMOM YVU\ HH(})paKpaCHOM anana30He. 

B OTnC/lbHbLX BapnaHTOX OCVlUCCTBJieHHfl H3o6pCTCHHfl 

20 no.iMN'.cpHbiM MaTcpwan aocTaTOM ho npo3pa4CH >1 o6jiaaacT MajiWM 

K034)^HUMeHTOM norJIOLUCHHfl ;3JLH npOHMKaHDLUerO H3JiyMeHKfl, HTO 
H03B0.151CT M3JiyMCHH)0 TpaHCC})OpMHpOBaTb nOJIHMCpHblH MUTCpMaJl B 

MaTC[j/iaji, (J^opMHpyioujHH K3o6paxcHHc, b tohkc pacno.ioxcHHOM B 
/iK)6o/i mcctc BHVTpM no/niMepHoro MaTcpnajia. 

25 B HCKOTopbLx BapwaHTax ocyuiccTBJieHHfl M3o6peTeHHfl yaajiCHHOC 

ot nobcpxHocTH H3o6pa*;c h h e co3aaK)T h b no/iHMcpHbix MaTcpwaJiax c 
rmoxoM npoapaMHOCTbHD m hm3koh nponycKavomcM cnocoGHocTbK) AJifl 
npoHMxayomcro hxivmchrh. 3to nojBO/mcT co3jiaBaTb 
noanoBcpxHocrHVK), sctko BKanMyx) MapKwpoBKy b Taxjix Hcnpo3paHHUX 

30 naiMMepHbix MaTepnajiax tcaK. HanpMMcp, no^MnponvuicH, conojiHMcpu 
TCTpaoTopaTH.icHa c ncpc^opxiKH/inepctrropBHHHJiOBbiMH 34>npaMH. 

B OTHClbHblX BapMaHTaX OCyUKCTBJKHVlH H306pCTCHHfl 
nO/lHMCpHbIM MaTCpMilOM HB.THCTCH Kap60HH3MpyK)lHMHCfl FlOJIHMep, 
MMCKjJIMH FIOKaiaTC/lb nOMOLUCHUR MCHbUJC MCM 20 CM"', TO CCTb 
35 riOT-Tu JLiaKDLUMH Ha n\tHHC 2 MM MCHbLUC, 4 CM 80% H3JiyHCHHfl. 

ripoKriKajoLiicc nxiyMCHMc, c4)OKycnpoBaHHoc b tohkc BHyrpM 
Kap6^iiM3Hpy>oujcroc>i no,iMMepHoro MaTepuxi HarpcBaeT no^MMcp B 

06-1 a CTH 4>OKVCHpOBaHHfl. B pC3\.lbTaTC, B 3TOM OO/iaCTH npOMCXOHMT 


WO 96/302. ' 


4 


PCT/RU96/00068 


icapo HM3auna. rpa4)MTonoao6Hbic nacTHUU. oopa^oBaHHbic b stoh 
oana.™, npcBpauiaKrr ce b mccto noBbiujcHHoro nor/ioiueHH* BaawMoro 
cbct;. Oo/iacTfe HaHMHacr CMOTpcTbCfl KaK wcpHOC yum ccpoc 
H3o6 )OXchmc bhvtpm nonHMcpHoro MaTcpHa^a. 
5 B pane BapnaHTOB H3o6pcTtHHfl H3o6paxcHMc BKJiWMarr o6JiacTH 

paXl ^HOH MHTCHCMBHOCTM UBCT3 M306paXCHHK. HanpHMCp, B 

KapC^HH3npyeMOM no/iHMtpe n3o6paxcHHC BKJiK)HacT o6jiacTH McpHoro 

UBCT . paXlHHHOH MHTCHCMBHOCTU, T.C. paXlVfMHbie OTTCHKM CCporO. 
Mm HCHBHOCTb H306paXCHK51 BapbMp>TOT H3MCHCHHCM 3HCprHM nyMKa 
T 0 H/W. T ./I npOCTpaHCTBCHHOH O/IOTHOCTM oGjiaCTCH (})OpMMpyK)lHHX 
H30CpaXCHHM. HpM yMCHbLLlCHHH 3HCprHM BO3iieHCTByi011ierO WVP/HtHHSi 
COOT oeTCTBVlOLiJHC OO/iaCTH CTaHOBHTCfl MCHblUC, MHTCHCMBHOCTb UBCTa B 

hmx VMCHbiuaeTc^. TaKMM oDpaaoM, b Kap6oHM3MpycMOM noJiHMcpe 
H3oi paxcHMC daHOBHTCfl MCHee MepHbiM. rioaooHO 3TOMy, CHHXeHHe 
15 npo. rpaHCTBeHHovi njioTHOCTM 06/iadeH, 4>opMHpyK>iuHX HaoGpaxeHHe, 

npn OAMT K CHHXCHMK) UBCTOBOM MHTCHCHBHOCTM H306paXCHHJI . 

B paae BapHaHTOB ocymecTBJicHHfl H3o6pcTCHVW HaJiyncHHe 

C(J)0 VCMpOBaHO B pa3JlHHHbLX TOSKaX JUU\ CQ3RdiHHS{ MHOTOTOHCMHblX 

H30L paxeHMM. 

20 CymccTBycT ucnh\\\ chcktp pa^HMHbix xhmmmcckckx pcaKUMH, 

npn.o^HLUMX k /lOKajibHosiy noTCMHCHHK) nojiMMcpHoro MaTcpwana npw 
cro .ojcajibHOM HarpeBc c4>oKycMpoBaHHbiM npoHHKajouxHM wanyMCHHCM. 

Flpoucccbi, npHBOOHLHHe k o6pa30BaHHK) TeMHbix o6nacrcM, IWfl 
pax aHHbix noJiHMcpoB 6yn>r BVJUOMaTb paXlHHHbie xmmmhcckmc 
25 pca.uHM, coBOKynHOCTb kOTopwx o6biHHO onpene/miOT nOHKTMCM 
"nn O^M3 M . 

B hckotopmx cnynaRX HarpcB nojmMcpHoro MaTcpwajia 

c <t>c ;yCMpOBaHHbIM naacpHblM HnyMCHMCM Bbl3bIBaCT HC TOJlbKO 
3HJ JTCpMMMCCKMC pcaKUKH , HO 11 3K30TCpMMMCCKMC pCaKUHH. BHCprWH, 

30 BbL.c^cMafl npn 3K3otcpmmmcckmx pcaKiinRx, KOMncHCMpycT noTcpvt 
MX' mchhh b pe3yjibTaTe pacceflmt*, mto m o6ccneHWBaer npoTCKaHHC 

nVij DJlHTMMeCKHX npOUCCCOB B OTCyTCTBViM JIOKanbHOH HOHM3aUHH. 

TaK, HanpMMcp, vhbcctho, mto tcpmhmcckoc paanoxcHHc 
no. iMcpHbrx MaTepwanoB Ha ochobc Tcxpa^rropaTHJicHa npowcxoiiHT no 

35 pa. iKXlbHOMY MCXaHM3MV M COnpOBO)KiiaCTCfl 06pa30BaHMCM 3Toro 
MO OMCpa. M3BCCTHO T3>C*C, MTO H P H HOBbiUJCHHblX AaBJKHHHX M 

Tev :icpaTypc nponcxojinT 3K3otc P mmmcck:hh pacnaa TCTpactrrop3TnricHa 
ao Bo6onHoro ymepcua m MCTbipcxcJrropucToro yniepoiia. FIo-BHHMMOMy, 
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npM B03JKHCTBMH Zia3CpHOrO Ml'IVHCHUH HQ H3L1C-1MC HQ OCHOBC 

Tcrpac?Top3micH pca.iM3y<rrcH coMrraHnc 3THX pcaKUMH. *rro h 

n03BO.T«CT OCVLUCCTBHTb nonnOBCpXHOCTHyK) MapKJipOBKV B TaKOM 
MXaC.THH. He HC)ClK)HCHO OJHaKO, HTO aaHHblH MCXaHH3M HC HBJlHCTCfl 
5 CUMHCTBCHHblM. 

B bccx BapnaHTax ocymccTBjieHKfl n3o6ptTCHHfl 3Hcpnw 
npoHHKcajouiero hxtv^chh^, ncnojib30BaHHoro 2JW coanaHHfl 

H306paXCHRH, HMCCT HHTCHCMBHOCTb HM)KC, HCM MHTCHCHBHOCTb 
HC06x0ilMMaM JJIH HOHM3UUHH HOJlHMCpa. YcTpaHCHHC HOHH3aUHM 

10 npHBoanT k chmxchhjo ocTaTOKHbix HanpHxcHHM b naiMMcpc, 
no^v^MCHHK) 6ojiee mcjikmx tohck M3o6paxcHitfl m ,aicAOBarcJibHo, 
no3Boa>icT nojiynnTb oojiee BbicoKyx) pa3peiua»ouiyK> cnoco6Hocrb 
M3o6paxeHHfl 6e3 HapyiueHUH cnnoujHocTH MaTepHOTia. 

H3o6peTcHnc BKJiK)HacT TaKXc H3ne;ntfl vuih ero Macrb, 

15 Bbino.iHeHHbie U3 no;niMepHoro m aTepna/ia , BHyrpn Kcnoporo 
pacno/ioxeHo n3o6paxeHne, cocTOHmee M3 o6nacTCM, b KOTopwx 
nor;iomeHne a/iocrpoMarmiTHoro nxiyMCHU^ OT/iMMaeTCfl ot nomomcHMH 
oKpy^aiomero MaTcpHana, npn 4cm oGnacrw, H3 kotopmx coctoht 
M3o6paxcHHe 0T/iHHaK)TCH no cbocmv cocrraBy ot oicpyacaioiuero 

20 noJiHMcpHoro MaTcpnana b pe3yjibTaTe xmmhhcckmx peajoiHH, Bbi3BaHHbix 
B03^eHCTBMCM cc^ojcycMpoBaHHoro npoHMKaMDUiero 3JicKTpOMarHHTHoro 
H3JiyMeHH* Ha HCxonHbin naiHMepHbiH MaTepnaji wanejiHa npn 

M HTCHCH BHOCTM H3JiyMeHHH MCHbUJC nOporOBOrO 3HaMCHH« 

mhtchchbhoctvi, HeooxoziMMoro djw jiOKnbHOH HOHH3aunH MaTepnajia. 

25 KPATKOE OnHCAHME MEPTE)KA. 

Ha 4)Kr. 1 npeacrraBJicHa 6-ioK-cxeMa, nJuuocTpupywiuafl 
ycrpohCTBO cnoco6a cfropMHpoBaHRH n3o6pa^KeHHH b cootbctctbhh c 

ZiaHHblM M3o6pCTeHHCM. 

OnMCAHHE nPEMMYUiECTBEHHOrO BAPHAHTA. 
30 Ha 4>nr. I npencTaBJieHo nonyncHMc M3o6paaceHHa BHyipH 

M3JlcnK51 I, M3 nO^HMCpHOTO MaTCpHXia. HcTOHHHKOM HlflyHCHHfl 2 

C03aaKrr nynok iixiyHetma, npoHMKawmcro BHVTpb noJiHMepHoro 
Maiepnajia muie/ina I. B HeKOTopbix BapnaHTax ocyuiccTBJicHKH naHHoro 

H300peTCHUfl HCTOHHHKOM HXiyMeHHfl 2 SBJUKTCH Jia3ep, rCHCpnpyKHllHH 
35 BHaiiMblfl HJ1M MH(J)paKpaCHblM CBCT. 
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nyHOK orpa*aK)T icpkxiom 3 m 4>OKycnpy>oT b 3oaaHHOH tohkc P 
bhvtpm no/iMMepHoro MaTcpnaia c noMowbK> o6"beKTMBa 4, 

BIClJOHaKDWCro OTaC/lbHblC ;iHH3bl K-111 CHCTCMV .1MH3. OfrbCKTMB 4 

ncpcMciuaiOT Baonb BcpTHKajibHOH och ooecncHeHH* 4>oxycnpoBKM 
5 unyHCHH* Ha 3aaaHHy>o r.iyOMHy h BH>ipn matmw I. 

Haac^ne 1 MOHTHpyxrr Ha noaBHXHOM cno/ie 5 waHHnyjurropa. 
CwcTCMa MaHHrryvurropa cnoco6Ha ncpcaBHraTb Hxae;iHc b 
ropM30HTXlbHOH rLlOCKOCTM c ujaroM Kopowc 3aiiaHHOH crcncHH 
pa3pCLUCHK>l H3o6pa*CHUH. 
10 flpOUCCC 4)OpMMpOBaHH* H3o6paXeHH* KOHTpOJIHpyiOT 6/lOKOM 6, 

KOTOpblM ynpaBJl^CT ncpCMCUUCHHCM 06teKTHBa 4 BUOJlb BCpTHKaJlbHOH 
OCH H ncpCMClUCHMCM CTOJia 5 B ropH30HTaJIbHOM nilOCKOCTH wonh HByx 

ropM30HTa.abHbix ocen. EnoK ynpaaneHUR Taocc ynpaB/i*<rr hctohhhkom 

MXiyMCHH* 2. B HaCTHOCTH , 6-10KOM ynpa&lCHHfl 6 KOHTpOJIHpyiOT 

15 3HcprHK) nyMKa, HXiynacMoro mctohhmkom 2. 3HcprwK) KOHTpojiHpyK>T 
nyreM noaann cnmajia 3ajaHH0H Be/i hmmhw b hctohhhk MX/TyMCHftfl 2, a 
tzkjkc nonoxcHHCM pyHHoro pcryjiHTopa ( hc noKa3ano). 

B HeKOTopbix BaphaHTax H3o6pcTeHHfl ynpaB/ieHHe ocyuiecTarLBkOT 
KOMnbiOTcpHofi nporpaMMofi, HanpMMep, kclk b naT.EFIB 0 624 421 A. 

20 B HCKOTOpblX BapnaHTaX H3o6peTeHHfl HCTOHHHKOM H3JiyMCHHfl 2, 

oStcKTHBOM 4 h/kjim ctojiom 5 ynpaanflKyr BpyHHyx) . 

riocjie ycTaHOBKii H3ae/nm I Ha crro/ie MaHnnyjiKTopa 5 BKJDOHaiOT 
nporpaMMy kom nbKDTcpa una 6jioKa ynpaBJiCHw* 6. 06t>cktmb 4 h ctoji 
MaHHny/WTopa 5 Bbino;iH*iOT 3aaaHne nporpaMMbi, nocjieaoBaTCJibHO 
25 4)okvchp>'h nysoK a TOHKax, rae ao/ixHa 6wTb co3aaHa o6;iacTb, b 

KOTOpOH nonOLUCHMC 3/ieKipOMarHMTHOrO H3JiyHeHKfl OTJIMMaCTCH OT 

norjiowcmm OKpyxarcwero MaTcpnajia (HanpMMep, o6^acrrb 
noBbiiucHHoro nomouiemtH). Koraa nynoK c})OKyc»pyK)T b 3aaaHHofl 
tohkc P, ojiok ynpaa^emm 6 noaacT KOManay hctom h m Ky uxnyMeHH* 2, h 

30 HCTOHHHK rCHepMpyCT HMfiy.lhCHblM HVHQK M3JiyHCHHH c 

3anporpaMMnpc -aHHbivi 3HcprHCH. rioiviouiaflcb B TOHKC Cj)OKyCHpOBaHHfl 
npoHMKaK3uicc mxtvmchhc ocymecTBJmcT noKajibHbiH HarpcB 
no^HMcpHoro waTcpnaia b oojiacni bokp>t tohkh P, BbnbiBrm 

XHMHHCCKMC pcaKUHM. npeBpaUiaJOLUMe MaTCpMa.1 B KOMn03HUHK), 

35 KOTopa^ no cbocmv cocTaBy oTJiHHHa ot ncxoaHoro MaTcpwana. riocJic 

06pa30BaHHfl B TOHKC P 7I0KaaM30BaHH0H 06/iaCTM, B KOTopon 

norjiowcmie 3.ncKTp0MarH mthoto hxivhchh* OT>iMHacTCfl ot norvioujcHHfl 
oKpyxawLucro MaTcpmia. o6^cktmb 4. h/kth cto.t MaHMny^rropa 5 
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nepcMCLiiajoT xth Toro. wToobi ccfioKycupoBaTb nynoK nanyMCHKH b 

C-TCJVK)U1CM TOHKC IlpOUCCC nOBTOp«CTCfl £0 PlCLTyMeHKfl HO/IHOrO 

H3o6paxeHHfl. B ^aBMCMMocTM ot 3aaaHHOH nporpaMMbi H3o6paxcHMC 

6yaCT FLIOCKHM IVIYi TpCXMCpHblM. 

B no^MMcpHOM MaTepnarie noHancHMc 06/iacreM, b Koropux 
norjioiucHne 3/ieKTpoMarHHTHoro hxivmchha oT/iMMacTCH ot nor/ioiueHHfl 
oKpy>;a>OLuero MaTepwaia, npoMCXoanT KaK mibKO moTHOCTb 3Hcprnn 
nynKa (£ c ) b tohkc 4>oxyca P npcBbiiuaeT Bc-TMHHHy [(T ci -T 0 ) p c )/ k, 
rue T a - TeMncpaiypa Hana/ia xhmhhcckkx npcBpamcHMM b 
HOJlMMCpHOM MaTcpnxic, 
T 0 - TeMn epaTypa noiiMMcpHoro MaTcpwaiia ao Hana^a 

B03HCMCTBHR H JJiyHCHRH 

p - PLioTHOCTb no.iMMcpa, 

c - yae/ibHas TcmoeMKocrrb no^HMcpa, 

15 k K034)(})HUHCKT nO[710LUemm HO/lHMepHblM MaTCpHaJTOM 

JJIX ZLlMHbl BOTlHbl B03aeHCTBVK)UlCrO M3JiyMCHHfl 

FljiOTHOCTb 3Hcprnn BcnaeMCTByroiuero nyMKa £ D npencraBJiaeT 
co6ofi 3HcprMK) nxnyMemtfl £, naaaK)iuy>o ncpnehmnKy..THpHo Ha eaHHMiiy 

nOBCpXHOCTH, T.C. 

20 E 0 = E/(n v) UU/cm*|, 

me r 0 - paanyc o6jiacTM, b kotopoh ccJ)OKycnpoBaHa 3Hcpnm nyMKa £. 

ConocraBJiH* nocicaHee ypaBHemie c ycioBVWMM nnpoJiH3a 

OMCBHilHO, MTO DJV\ oScCHCHCHKM ZlOKaJlbHblX XMMMMCCKMX 

npeo6pa30BaHMM nojiMMcpa BHyTpn o6,nacTH panwyca r 0 3Heprnfl 
25 M3JiyHeHHfl ao:i>KHa oTBenaTb cneayyoiueMy HcpaBCHCTBy: 

E > |7tr 0 '(T el -T u ) p c]/k 

Flo onpene.neHMHD, mhtchch BHocrb nyMKa nanyMCHMii (I 0 ) 
npeacTaBJmeT codok) moTHOCTb noTovca 3Hcpnin b eauHMuy bpcmchm, 
T.e. I 0 = £ 0 /t q (bt/cm 2 \ rae x 0 - npoiionxMTC-ibHocTb MMnyjibca 
M3jryMeHKH. FIpoiiojiacMTtTibHocTb HMny/ibca najiyMeHHfl orpaHMMCHa 
30 CBepxy, BpcMCHCM Heo6xoanMbiM ai« ynaneHKfl Teona M3 30Hbi 

B3aMMOaCMCTBMfl UXiyMCHHfl C pCUHVCOM r 0 3a CMCT TC IXlOnpOBO/lHOCTH 

no/iHMepa. Chm3v npoao/iaorre/ibHocTb MMnyjibca H3JiyMeHHfl orpaHMMCHa 

ASlMTCSlbHOCTbK) . npM KOTOpOM HTCHCHBHOCTb H3JiyHeHHJJ npCBbllUaCT 
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noporoBVK) HHTeHCHBHocTb Hasana MOHM3auHH MaTcpnaJia. FloyroMy 
onMTc.ibHocTb MMny.ibca BoaaeHCTBywwero Ha no.iHMep npoHMKawwero 

HXlY^CHHfl aO.lXHa VaOBOJlCTBOpHTb ClCaNTClllCMy HBOHHOMy 

HcpaBCHCTBy: 

5 [£/(^^I lon )|<x 0 <|(vcp)/4X] 

rue /. - TcruionpoBOHHocib no.THMepa, a I lon - hhtc hch BHocTb nynKa, 
cooTBcrcTByioLuaH Hasajiy HomnauHM nonMMCpHoro MaTcpna^ia 

J\CBM\ HOJlOBMHa aBOHHOrO HCpaBCHCTBa COOTBCTCTByeT yCJIOBMK) 

npenoTBpameHK* HOHwaauHH no^HMcpa. 
10 FlpaBafl no/ioBHHa aBoiiHoro HcpaBCHCTBa BbiBMCHa H3 4x>pMyjiu, 

onncbiBaK)UiCM pacnpocTpaHCHMc TcruioBoro $poHTa b MaTcpuajie: 

X = ( 4 D r) 1 ' 2 , 

rue X - paccroHHMc , noropoc npoxoiiMT TCMncpaTypHbifi 4)poHT aa BpCMH 

t B nOJIHMCpe C K034)MUMCHTOM an4>4)y3HH A CBH3aHHOC c 

15 TcnJiocJ)M3MMccKHMH napaMeTpaMH MaTepnajia h3Bccthum 

COOTHOUJeHHCM: 

D~k /(c p ) 

nor^oiiiacMaH b 3ohc B3anMoaeHCTBUfl 3Hcprwi BoxaciicTByiouicro 

Ha HOJUIMCp H3JiyMeHHfl HC 6VACT cyiHCCTBCHHO OTBOilHTbCH M3 o6jiacTH 
20 nor.lOmCHK^ 3a CWCT TCfUIOnpOBOZlHOCTM 3a BpeM* B3aM MOilCHCTBMfl T 0 , 

ecjin 

X = ( 4Z)t 0 )><' 2 < r G 

HJ1H 

To < (c p v)/ 4>. 

25 B HCKcrropbix BapuaHTax ocymecTBJicHHa n3o6pcrcHVW o6nacTb 

noBbimcHHoro nor/iomcmi* c paanycoM nopjtnKa 10 2 cm coaaaiOT c 
noMOiubK) McroHHMKa ny;ibcnpy>oLUcro nxiyMeHHfl c 
npoaojDKHTCJibHocTbK) HMnyjribca 6o;iee 10"* cck, ho hc npcBbiuiatoiucn 
5M0° cck. 
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PacxoiiHMOCTb nynica uxnyMCHH* ( y >, nocbLiaeMoro hctomhhkom 

2. BblOMpaWT TUKMM OOpa30M. MTOObl CtJ)OKyCHpOBaTb HXIV-MCHMC BH/TpM 

ofrbeMa, hc npcBbiuiatowcro aaaaHHbm anaMcrp ( 2r 0 ) 4>opMMpyeMOM 

06/iacTH. 
5 3to Hajiararr vctobmc: 

Y < 2r 0 /F, 

nic F - cpOKycHoc paccroHHuc ncno.ib3ycMOH onTnwccKOH chctcmu. 

rioMHMO a6cppaUHH, paCCTOHHHC (poKyca orpaHMHCHO 
MaKCHMinbHOH mVDHHOM I) , Ha KOTOpOH (pOpMHpYKTr H306pajKCHMC. 

10 HanpHMcp, ecm nvxciwc 1 no.iHOCTbto BbinonHCHo H3 no/mMcpa c 
K03(p(pHUHCHTOM npejiOM-ieHvw n , TO 

F > h/n. 

B KaHeCTBe HCTOHHHKa HinVHeHHfl BapHaHTbl H3o6peT«H»W 

BKJiHDMaKDT HMnvvibCHbie YAG .laaepbL P a6oxa»ouiHe KaK b pcxMMe c 

15 MOflY^HpOBaHHOfl JOepOTHOCTbK), TaK H B pCXHMe CB060AHOH 

rcHcpauMn, HMnyjibCHbic. a tiiokc apyrwe ziaaepb. h mctohhhkh 

HCKOTCpCHTHOrO M HCMOHOXpOMaTHMCCKOrO HX1VMCHK5! B BltOHMOM H HK 

AHana30Hax cnciapa. 

B KasecTBc Kap6oHH3Hpy>ownxcH nojiMMepHbix MaTepnanoB b 
20 oxae.ibHbix eapviaHtax h3o6 P ctchvw McnojiuywT siaxcpHXibi Ha ocHoee 
no.TMKap6oHaTOB, cono.iHMepoB aKpmioHHTpvina c m cthji MCTaKp vtnaTOM , 
conoJiHMcpoB aKpn.ioHHTpn.na .C GyrtUlHeHOM M CTH P OJ10M, 
nO.aMBHHHJIXJIOpVLaa. 3TpOJ10B. 

B HeKOTopbix BapnaHTax ocywecTBJieHH* H3o6pcTeHH* B KanccTBC 
25 npyrox no/iMMcpHbw MaTcpna-TOB Hcno/ibayiOT MaTepuxibi na ochobc 
noJiHonecpMHOB h mx cono/iHMepoB, no^HMcpoB w conwmMcpoB 
(JnopconcpxauiHX o^cc^hhob, nojiMBumnoBbix 3<pHpoB, no/iHyperaHOB, 
aMHHonJiacTOB, cfceHOJibHbix n snoKciuHbix cmo.i. 

nPHMEP 1 

30 B KaMccTBe ucroMHHKa mxivhchhs McnoJiwyioT MMnyjibCHbiw YAU 

naacp C iJJlHHOH BO.IHbl HiiyMCHHM I. 06 MKM, P a6oTa.OLUHH B PCXMMC 

cBo6o fl HOH rcHcpauHM. PacxoaiiMocTb nynica - 10 3 paa., nacTOTa 

nOBTOpCHHH MMnVJIbCa - 10 TU, /UlHTClbHOCTMO HMny.ibca - 10" CCK. 
3HCPI-HW HnyMCHHH BapbHpVTOT OT 1 20 10 Mil* C HOMOlUbJO pyHHOfO 

35 pcrynflTopa. U^ck epoKycMpywr c ncmouibio o6i>e KTHBa c (poKycHbiM 

paCCTOJJHHCM F = 50 MM. MMHMMa.lbHblM AHaMCTp nyHKQ B TOMKC 

(poKycupoBaHM* P hc npeBb.uiaeT 70 mkm. HMMMe BbmonncHHO na 
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ncxiHtcapooHaTa MapKa Cyrolonl HMCiouicro ko3<}>(J)humcht 
nor/ioweHna k = 0.25 cm ' npvi xihhc Bc.iHbi 1. 06 mkm. 

B pe3>7ibTa7e bo3jchctbhh ccpoKycHpoBaHHoro HXiyMCHKfl Ha 

nO.IHMepHbJH M3TCpna.T BHVTpH H3JC;mfl nOJiyHaiOT MCTKO BHJHMblC 

5 rcMHbie oo.iacTH c pa3McpoM ot 70 ao 200 MKM. 

H HTeHCHBHOCTb HXTV'MCHMfl B 06/iaCTH B33MM0.aCMCTBHfl C 

MaTepHanoM cocraBJiflcr npn6jiM3MTc.ibHo \0 i 10° bt/cm 2 , hto 
HCKJDOMacT B03MO>^ocTb noHM3aunn no.inMcpHoro M3TcpMa.ia jiaacpHbiM 

HXTiyHCHHCM. 

10 nPMMEP 2 

B KaMCCTBe HCTOMHMKa HnVMCHH« HCnOJ1b3VK)T OflHOMOaOBblH 

MMnyJibCHo-nepnonHHecioni YAG laacp c MoayjmpoBaHHOH 
ilo6poTHOCTbK) c iiHHoii B o.T h bi 1.06 MKM. Pacxo*uieHHe nyn*a-5 lO'paa, 
sacTora noBTopemiH HMny.ibca - 10 Tu, inHTe/ibHocTb HMnyjibca 
15 npHMepHo 8 10 9 cck, 3Hepma HXTyHeHHH - 1-5 mJX*. ( aHcprwio 
M3.nyMCHMLfl ycTaHaanHBawT c noMOUibK) pyMHoro peryjurropa). 
HapaMCTpbi 4)OKycnp>Touicfi en CTeMbi cooTBCTCTByK3T napaMtrpaM 
npHMcpa 1. Mancine BbinojmeHHO H3 no.iHKap6oHaTa ( Mapxa Cyrolon), 
HMCK)incro ko3cp4)huiicht nomouicHwi k = 0,25 cm' 1 n P H inMHe bojihu 
20 1 ■ 06 mkm. 

B pe3y.ibTaTe BoaaevtcTBHfl ctfcoKVCHpoBaHHoro HXiyMeHHfl Ha 
no/iHMepHbiM MaTepwa.1 b mncmw nojiyMaKrr oTae;ibHbie TeMHbie 
o6jiacTH c paaMcpoM ot 50 ao IOOmkm. 

CoaaaBaH TaKMe o6.iacTH no laaaHHoii nporpaMMc noJiyMaiOT 
25 mctko BHUHMoe hc BOopNTKCHHUM maaoM H3o6paxeHHC 6ap-Koaa. 
ripocpaHCTBeHHoe paspeiueHHC b npHBtraeHHOM cnoco6e (popMVipoBaHHfl 
M3o6paxeHHfl cocraB/ifleT He mchcc 250 tosck Ha jiohm (hc mchcc 100 
ToneK Ha caHTHMCTp). 

nPHMEP 3. 

30 AnnapaTypa, xapaKTcpucxuKM BoaacHCTBywuicro 

M3nyMCHiw,MaTcpHaJi naae-iiui tc xe, mto h b npuMcpc 1. 

Pacnonaran tohchhwc tcmhwc o6aacTM no 3aaaHHOH nporpaMMc c 
paxiMMHofi u/ioTHOCTbK) h Ha paxiHHHofi My6nHe o6pa3 U a noayHawT 
xpcxMcpHoe M3o6pa)KCHHc npcaBapnTe/ibHo coaaaHHoro b KOMnbioTopc 

35 ootcKTa (opaa) c 6oabUJHM ko/ihhcctbom paaJiHMHbix no;iyTOHOB. 
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nPHMEP 4 

B KanccTB. y noMHMKa hxivmchka Mcno^b3>TOT ojhomo^obwh 
HMny^bCHo-ncpMoaHMccKHH YAG na3cp paooraiomMH Ha ochobhoh 
rapMOHHKc (1,06mkm),c pacxoaHMocTb>o 10" 3 paji, c HacTOTOM 
5 noBTopcHH* MMny/ibcoB 10 ru. 3HcprHio HnyMCHna BapbHpyKrr ot 1 no 
10 mRx c noMombK) ocjia6HTCJM. Jla3cp pa6crracT b peacwMe c 

MO^V.lMpOBaHHOM JOOpOTHOCTbK) M iLlMTC.1 bHOCTbK) MMnVJlbCa I0~ 8 CCK. 
CpOKyCHpOBKT M3JIVMeHHJI OCyiUCCTBJWIOT o6"bCKTHBOM C 4)OKyCHbIM 

paccTOHHMCM F = 40 mm BH>Tpn Haae/nm Ha rviy6nHe 1-2 MM OT 
10 o6jTyHaeMOM noBepxHocm. MHHMManbHun pa3Mcp rwTHa 
ct|)OicycMpoBaHHoro nxiyncHMfl cocTaejmeT He 6o;iee 50 mkm. OGiiyHaioT 

HMCJ1HC TOJ1LUMHOM 5,2 MM H3 COno.lMMCpa TCTpa(J)TOp3THJlCHa C 
nCp(J)T0pajlKM/inCp(})TOpBHHM.lOBbIM 3C{)HpOM (MapKH TC^OH PFA) C 

nponycKaHMCM hhv-mchha 80% ruui oanHbi bojihw 1,06mkm m 85% wi 

15 zmHHbi bojihm 0,53mkm. 

B pe3y;ibTaTc bo3hchctbh* M3JiyMCHHR c 3Hcprncn 3-5hH>k BHyrpH 
MaTcpnana nojiynaioT xopoiuo BaaKMbic tcmhwc o6jiacTii c pa3McpoM or 
50 no 100 mkm. CcmaB mhoxcctbo Taxnx o6.iacrrcH no 3aaaHHOH 
nporpaMMe nojiynaiOT bh\tp« Maacniw mctko BHUHMyK) HCBOopyxcHHbiM 

20 r/iaaoM m 4 HTac m yx> c noMouibK) coBpcMeHHoro o6opyaoBaHHfl MCTKy b 
bhjxc 6apKO^a c npocTpaHCTBc hhwm paapeujcHMeM He xyxe, hcm 250 

TOMCK na aiOHM. 

C noBwujcHHCM 3HeprHH no ypoBK* 5-10 mUx, a Taicxe npM 
npH6.TMXCHMn 4)OK\ca Ha paccroHHMC 0,5 mm ot noBcpxHocTH o6pa3ua 
25 Ha6jiKuajicH onTHMecKMH npo6ow - MomnauH* BHyrpn MairpMa^a m Ha 
cro noBepxHOCTM , conpoBoiaaromaflCH pe3*cMM vBcnMHeHMCM paaMcpoB 
TCMHbEx o6.iacTefi, a TaKXe no^BjicHMe.M TpcmMH h pa3pyuiCHMeM 
noBcpxHocTH Hxacnwi. 

nPMMEP 5 

30 B KanecTBe McroMHHKa hxivmch^ ncnojib3yxrr oahomohobuh 

MMny-nbCHO-ncpnoanHccKHH YAG /mep pa6oTaK)WHfi Ha ochobhoh 
rapMOHMKc( 1 ,06mk>i), c pacxoaMMocTbK>- I0" 3 paa, c nacTOTOH 
noBTopemtfl MMn>7ibC0B - lOru. 3Hcprn»o m3jtymchk5? BapbHpyiOT ot l no 
10 mUx c noMOiUbK) ocnaovrrc/w. Jla3ep pa6oTarr b pokmmc c 

35 m ony/i h po Ba h h o h aoopoTHocTbK). /lthtc.t b h ocrb MMmmca - 10~ fi CCK. 

CpOKVCHpOBKy nn\^CHHfl OCVlUCCTBLlUKDT 06l>CKTMB0M C 4)OK>'CHbIM 
paCCTOflHHCM F - 40 MM BHVTpH HUWIW Ha r/TyOHHe 2 - 4 MM OT 
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O6/1VM3CM0M FIOBCpXHOCTH. MHHMMSLIbHbJM pa3MCp RHTHa 

CC^OKVCMpOBaHHOrO H3/1VHCHRH - HC 6o.TCC 50 MKLM. 06:iyHaK>T M3aClMC 

M3 nonnnponnncHa (Mapjoi Poly). B pc3\,nbTaTt bo3jchctbha M3JiyHeHH5i 
c 3HcprncH 5 vub*c nony^aKrr BH>Tpn MaTCpnajia xopoiuo BVtaHMbie 

5 TCMHbie OOJiaCTH C pa3MCpOM OKO^O 70MKM. 

Mhoxcctbo TaKMX TtMHhix o6jiacrrcw, o6pa30BaHHbix no aajaHHOM 
nporpaMMC bhvtph o6i>cMa oopa3ua, co3aa>OT b h3£c/ihm wctko BaawMyK) 
HCBOopyxcHHbiM rJia30M mcttky b BKZic cTamiapTHoro 6apKOAa c 
paapcLUCHMCM He xyate, seM 200 tohck Ha hwhm. 

I0 nPHMEP 6 

B KaneCTBC HCTOMHHKa HXiyMeHUfl HCno;ib3yK>T OHHOMOJlOBblH 

HMny/ibCHo-ncpviOiiMMecKMM YAG ziaaep c MOZiyjinpoBaHHOH 
H06pOTHOCTbK), pa6oTaK)innH Ha OCHOBHOH rapMOHHKC (1,06 mkm) b 
pCXiiMC OUHHOHHbDC HMFIVVlbCOB. PacXOUHMOCTb H3.TVMCHH51 -OKOJIO 

15 M0~ 4 Mpan; miMTeji bHocTb uMnyjibca HxnyMeHHfl - MO'^cck. 3HeprHfl 
H3JiyHCHHfl Jia3epa BapbHpynrT ot 1 jxo 15 mUx c noMOUibK) ocjia6nTeJiH. 

OoKyCMpOBKy H3JiyMCHHfl OCyiiieCTBJWHDT na IViyOMHC 1 - 3 MM 
o6l>CKTHBOM C (J)OKyCHbIM paCCTOHHHCM 40 MM, 4)OKyCMpyK>LUHM 

naacpHoc nanyMeHMC b Bcnayxe b rwTHo c pa3McpoM 40-50 mkm. B 
20 icaMccTBc no/iHMCpHoro MaTepnaJia ncno:ib3yK>T tot xt MaTepnaJi, hto h b 
npHMcpc 4. 

Ilpn 3HcprHM H3JiyMCHH^ 6o/iec 7 mUx b tomkc (J)OKyca nojiynaKxr 

TCMHafl XOpOLUO BMJXMM3J1 o6jiaCTb C p03MepOM 50 MKM. IlpH 
B03paCTaHHH 3HeprHM BOMCHCTByiOlUCrO MUl^CHUH flpKOCTb TOHKM H CC 

25 pa3Mcp yBCJiHHHBaKrrcH. ripvi 3HcprMM 6o/icc 15 Mil* m npw 

npMO.TViXCHHMH TOMKH (})OKYCHpOBaHU# K nOBCpXHOCTVl Ha paCCTOHHHC 
MCHCC 0,5 MM H3 nOBCpXHOCTM 06pa3lia HaHHHaCTCH npHnOBCpXHOCTHbIM 

onTMMccKMM npo6on - HOHHiamifl oKpyxawuiero ra3a b6jim3H 
noBcpxnocTM MaTtpnana, conpoBoaaaiouiaflCH paapyiueHHCM 
30 nOBCpXHOCTM oopa3ua. 

IlOMMMO np)1BCaeHHblX BblLLie npMMCpOB H306pCTCHM51 

B03MO)KHbi Ta>c*ce h ap>Tnc BapnaHTbi ocyiuccTBJicHRR B paMKax 
H3o6peTCHHfl. H3o6pcTCHne xapaKTtpvnyrrcH npHBcac hhwmm hkxc 

nyHKTaMH 4>0pM>71bI VUOOpCTCHUi?. 
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n PO M bl 1JLIJ1 E H H Ail nPHMEHH MOCTb. 
H3o6pcTCHMc npcaycMaTpMBacT co3jaHne nncHTM4)MiiMpyx)mMX 
MapKMpOBOK ( HanpMMCp, KOHOB uch), ToproBbix MapoK, acKopaTMBHbix 

H3O0pa>CCHMH VUIH apyTMX 3HaKOB. H3o6pCTCHMC MOXCT 6bJTb 

5 Mcno^b30BaHo ;um MapxupoBKM H3jxcmu\, KaK yxa3aH0 Bbiuie, ho hc 
orpaHMMHBacTCH 3TMM yxa3aH>ieM. Mmcjihh Moryr npcacraarwn> co6ok), 

HanpHMCp, IXiaCTHKOBbJC KOHTCMHCpbl iUW KpCMH HCBblX FUiaCTHH, 
KOHTCflHCpbl ZLOU TipOayXTOB MaTHMTHbLX Cpca, nOTpc6MTCJlbC)01C TOBapbl, 
KpCilHTHWC KapTbl, KOTOpbie MOF>T 6bITb MapKMpOBaHbl KOflOBbIMM 
10 MHiieKCaMM UCH, VtaTpHHHblMH KO^aMM, a^b(J)a UM^pOBblMH KOjiaMH H 

jioroTHnaMH. 
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OOPMYJIA H30EPETEHHA 

1. Cnocoo 4>opMMpoBaHHfl moopaxcHHfl BHyrpM MaTcpnana 
Maac.TMJi miH cro sacTM, Bbino/iHCHHbix H3 no/iHMcpHoro MaxcpMana, 

3a)ClK)4a>OUiMHCH B TOM, 4TO Ha MaTCpMOJl BOMCMCTByiOT 
5 C(J)OKyCMpOBaHHbIM 3HCKTpOMarHViTHbJM H3JiyMCHMCM M COMaKTT 

M3o6paxcHMc M3 o6jiacTcu, b KOTopbix norviouKHHc 3JlCKTpOMarHHTHOrO 
m3Ji\-mchk>i oT.THHacTCH ot nomomeHUH oxpyxajomero MaTcpwana, 

OTJlMWaKDLUHHCfl TCM, 4T0 B03AC MCTBHCM npOHMKaHDUUCrO H3JiyHCHHfl, 
HHTCHCHBHOCTb KOTOporO MCHbillC noporOBOrO 3H3MCHK51, BbJ3blBa)OLUCrO 

10 JiOKxibHyio noHH3aunK) MaTepnajia, b nonnMcpHOM MaTcpwa^c b TOHKax 
<{)OKycnpoBaHUfl Bbi3biBaK)T xMMMMccKMe peaKU.nn, KOTopbie npeBpaiuaKvr 
nojiMMcpHbifi NtaTcpMxi b KOMno3nuHK) oT.iMMKyK) no cBocMy cocraBy OT 
HexoaHoro MaTcpnana. 

2. Cnoco6 no n.l OTJiMMaiomnHCH tcm, 4to b KaMccTBc 
15 npoHMKaiOLuero 3/ieKTpoMarH mthoto m x~i y m e h ha ncno;ib3yioT H3Jiy4CHMe 

Jiaacpa. 

3. Cnoco6 no n.l 0TJiH4aK)Ujmicfl tcm, 4To b Ka4CCTBC 
npoHMKajoiuero 3/icKTpoMarHHTHoro n3JiyncHHfl ncno;ib3yioT 
HCKorcpeHTHOc w HCMOHoxpoMaTvi4ecKoe HxiyMeKMc BaaHMoro M UK 

20 anana30HOB cne»crpa. 

4. Cnoco6. no n.l 0T/iH4aK)LUHHCH tcm, 4to ncnoJib3yK)T 
Kap6oHH3npyK>mMMcfl no.THMcp, npn 4CM nOJlV4aCMa^ KOMn03HUHfl 
B»oiio4acT rpa$HTonoao6Hbie MacTHUbi. 

5 Cnocoo no n.4 ouiMMaiomMMCfl tcm, hto HcnoJib3yK>T 

25 KapOOHH3Hpy)OlllHHCH nO/lMMCp, HMeiOlUHH K034)4)MUHCHT norJiomcHHfl 
HMXe 20 CM 1 OTHOCHTC/lbHO npOHHKaK)LUCrO H3Jiy4eHKfl. 

6. Cnoco6 no n.l cmiHMaKDiUHMCH tcm, 4TO nojiy4aeMafl 

KOMn03HUHfl BOH34aCT aMOp4)HblH ymepOX 

7. Cnoco6 no n.l, oTJiMMawiumicH tcm. 4to KOMno3MUHH o6pa3ycT 

30 MCpHOC H306pa*CHHC. 

8. MaacjiMc \v\w cro 4acTb, Bbino/iHeHHaa H3 noJiMMepHoro 
MaTcpnana, bh>tph KOToporo pacno.ioxcHO M3o6paxeHHe,cocTOfliuec M3 

o6jlQCTeH, B KOTOpblX norJIOlUCHHC 3.1CKTpOMarHMTHOrO H3JiyMCHHJI 

OT.an4acTCH ot norJiouicHHfl oKpyoKatoiucro MaTcpiiana OTJiH4aK>mcecH 

35 TCM, 4TO 06.iaCTH, H3 KOTOpblX COCTOHT H300paXCHHC OTJIHMaiOTCfl no 

CBoeMy cocraBy ot okcpy*a»oiuero no.iHMepHoro MaTepnana b pc3y/ibTaTC 

XHMMMCCKMX pcaKUHH , BbI3BaHHbIX BO JJC MCTBHCM C^OKyCMpOBaHHOfO 
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npoHHkaK)iiicrc 3.nc»crpoMarHMTHoro nxiyMeHHfl Ha hcxohhum 

riOJl H M CpHbJ M NtaTCpMai M34e.1M5I npM M HTC H C H BHOCTM MXTVHCHHfl MCHblllC 
nOpOrOBOrO 3Ha4GHMJJ HHTeHCHBHOCTH, HCOOXOHMMOrO ZLTfl JlOKaJlbHOH 

HOHMiauMM MaTepMXia. 
5 9. no n.8, oT/iMMaHDmcccH tcm, hto nO/lMMCpHblH 

MaTcpMan XEnxcTcn Kap6oHH3Hpyx)LiiHMCM, b to bpcma KaK MaTcpMan 
06-nacTCH 4)opMMpyK)ujnc n3o6paxcHMc bkjik)M3ct rpacJ)MTonojio6Hhic 

HaCTHUbl. 

10. Haacinc no n. 9, oT/ivinaiomcccH tcm, hto MaTcpwan o6/iacrrcM 

10 4>OpMHp\X)mHC H306paXCHHC BK-TKDHaCT aM0p(J)Hb!H VTJlCpOH. 

11. Maac.iHC no n.8, OTJiMMaroujeecfl tcm, hto o6jiacrH 

4>OpM»py»OlHMC H300paXCHMC COCTOHT H3 TOMCK. 

12. M3jcnne no n.8, OTjiMMQKDmcccK tcm, hto o6jiacrH 

(^OpMHpyTOLUHC M306paXCHHC C03HaK)T nO/l\TOHOBOC H3o6paxcHMc. 

15 13. H3ae.iMe no n.S. OTJiHHajoweecH tcm, mto H3oopaxcHHc 

flBJlflCTCfl TpCXMCpHblM. 
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